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1 Introduction

At Kawasaki Steel, an age of refurbishment began
about 1980 following the completion of plant construc-
tion and computerization of information systerns. With
customer requirements, including product specifications,
quality, and delivery dates becoming both more diverse
and increasingly rigorous, it became necessary 1o
upgrade production methods and refurbish production

* Qriginally published in Kawasaki Stee! Giho, 20(1988)2,
pp. 151-157
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Synopsis:

Kawasaki Steel has developed techniques for improving
the productivity of system development in order to accom-
plish refurbishment of its total systems. The refurbishing
techniques are centered on the data-oriented information
resource management concept and segmentation and reuse
of software. In view of the above, Kawasaki Steel has: (1)
standardized information system development procedures
and established data management Structures, (2) devel-
oped a data dictionary system, (3) developed a system
development and maintenance support system ranging
from designing to production and maintenance, and (4)
through the use of these technigues, doubled the produc-
tivity of system development and realized information
resource management and utilization of computer-stored
data by end-users.

facilities and information systems in order to improve
price and non-price competitiveness?.

Since the early 8&0s, information systems have under-
gone major qualitative and quantitative changes. In
parallel with production systems trends toward process
integration and synchronization, information systems
have also been refurbished to realize a closer linkage
between systems and to accomplish systems integration.

To carry out this refurbishment, techniques for
improving the productivity of systems development
were developed and applied, making use of an approach
based on information resource management (IRM), in
which methodology, structures, and tools are incorporat-
ed in a single unified concept.

A common methodology and structure were shared
in all divisions of the company. The company employs
two main groups of tools; the ones available in a
FACOM environment common to all company works,
and the others, available in an IBM environment, used
in the head office.

This paper describes in outline these techniques and
their effects, and briefly discusses future tasks. Inciden-
tally, FACOM-based tools are mainly dealt with.



2 Concept of Improvement of Productivity of
Systems Development

2.1 Background

The development of information systems is conduct-
ed by a project team representing both the user depart-
ment and the computer systems department. In the
past, the per-project scale of software was about a maxi-
mum 500 000 COBOL steps. After 1980, however, this
figure increased to one to three milion steps. In addi-
tion, interfaces between systems via data bases and com-
munication lines became complex owing to system
integration, On the other hand, because systems refur-
bishment had to be synchronous with the renovation of
production facilities, it was necessary to carry out
speedy development with limited personnel.

2.2 Problems

The following items were selected as problems to be
solved:

(1) A data base management system (DBMS) has been
introduced, and various means of data storage and
access, data compatibility and security, and an
improvement in the independence of data and pro-
grams have been realized. A system for obtaining an
accurate understanding of each data item stored was
new to be established in the construction of a true
common data base and the realization of system
integration and effective utilization of accumulated
data on the basis of this common data base.

(2) Methodology for design in the upstream phase is to
be established so that user department personnel
and the computer systems department, in close
cooperation, can efficiently carry out the design of
large-scale systems in response to changes in pro-
duction systems.

(3) Any substantial improvement in systems develop-
ment productivity depends on the promotion of
computer- and automation-supported work to
replace manual work. In addition, the support sys-
tem must cover a wide range of functions, from
development to maintenance, in an integrated man-
ner.

(4) The utilization of accumulated data by end users is
to be expanded to reduce the amount of software
development required of the systems department
and to ensure rapid access to appropriate informa-
tion.

2.3 Concept of Solution to Problems

As shown in Fig. 1, the development of techniques
for solving these problems was carried forward in the
order: (1) establishment of the development methodo-
logy and data management structures, (2) development
of a data dictionary system, (3) gradual development of
development and maintenance support systems.

1979 | 80 | 8L | 82 [ 83 | 's4 | 85 | 86 | w7

. Methodology and structures
Testing of
IRM M-PRIDE K-PRIDE
N i

———
Data dictionary system

SORID
e |
Development and maintenance support system
PARTS DREAM TRUST CAESAR
—_—_— — —_—
STMS DEA T STATE
KAOQSS VIDEO
M-PRIDE: Mizushima PRIDE
K-PRIDE: KSC PRIDE
SORID: System organization and resource information dic-
tionary
PARTS: Pattern and parts oriented application requirement
translation system
STMS: Standard table management system
KAOSS: KSC all-round online support system
DREAM: Database retrieval system for effective analysis and
maintenance
IDEA: Information design assistant system
TRUST: Toolsware for reliability up of software testing
STATE: System traffic analysis dictionary under temporary
execution environment
VIDEQ: Visual image design aid by end-user operation
CAESAR: Computer aided engineering for software automat-

ion and re-use

Fig. 1 Systemn development history of Kawasaki Steel

2.3.1 Basic concept

IRM was the key concept for an overall solution to
these problems. Kawasaki Steel, introduced IRM on a
trial basis using a method of its own devising since
1979. IRM considers data, which is the raw material of
information, as a vital corporate resource, on par with
the traditional three basic resources, hito, mone, and
kane (people, things, money).

The management of data requires that data items be
established unequivocally through clear defining attri-
butes of data items shown in Table 1. The content of
such definitions includes data name, number of digits,
and units. Proper management of data is essential to the
compatibility of systems and the effective utilization of
accumulated data.

2.3.2 Establishment of development methodolegy and
data management structures

To realize IRM, it is necessary to adopt a design
method in which attention is paid to information and
data, rather than a conventional method centered on
functions and programs only. This design method is
called the data-oriented approach. Kawasaki Steel iniro-
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Table 1 Typical attributes of data item

Data name

. Entity class

. Type

Number of digits
Definitionfapplication
Origin

Administrating department
Check Content

Method of generation

= e = L .

—
=]

. Related programs

—
—

. Related input and output information

—
(3]

. Related records and files

duced PRIDE (Profitable Information by Design-
through Phased Planning and Control), a methodology
for information systems development developed by the
American firm MBA, and established its own standards
for systems development work on the basis of this
methodology.

Al the same time, a data management structure was
established in which data managers served as key per-
sonnel with coordination responsibilities.

2.3.3 Development of data dictionary system

The number of data items frequently runs into the
tens of thousands, making strictly human management
impossible, A viable IRM system must, therefore,
reduce the total work load, and not merely minimize
increases in the load due to data management. A data
dictionary system supports this. Since there was no
commercial data dictionary system that permitted the
use of Japanese ideograms at the time of IRM introduc-
tion, it was necessary for Kawasaki Steel to develop its
own system.

2.3.4 Step-by-step development of development and
maintenance support systems

The data dictionary system provides the basis for
the development and maintenance support systems, and
therefore was developed first; peripheral systems were
then develocped on the basis of the data dictionary sys-
tem. Eventually it was possible to build an integrated
development and maintenance supprt system with a
good overall balance.

3 Measures to Improve Productivity of Systemn
Development

3.1 Establishment of Methodology and Data
Management Structures

3.1.1 Establishment of methodology>?

After the introduction of PRIDE, standardization
activities proceeded to ensure a smooth application of
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PRIDE to largescale projects. As a result, M-PRIDE
(Mizushima PRIDE) was established, followed by K-
PRIDE (KSC PRIDE) for company-wide application.

The following improvements were made in the
course of standardization:

(1) Types and forms of documents, development work
itemns, and work assignments were established on
the basis of PRIDE.

(2) A data base design procedure corresponding to the
system design procedure was established. The data
base design procedure is shown in Table 2. Through
this procedure, a process of conceptual data base
design was established, with entity type analysis at
its core. The aim of this work, however, was not
mere analysis, but design work as such. Both the
entity types which were the result of this process
and their relationships were important as: @ 4
framework for organizing a large number of catego-
rized data items, (2) a starting point for data base
design, and (3) 2 means of testing system design.

(3) Standards for various data management activities,

Table 2 K-PRIDE database design process

Tasks

Phase | Activity
Phase 1 Activity h | 1, Identification of control items
{Conceptual | (Conceptual | 2 Definition of entity classes
system databese | 53 Determination of entity class rel
design) design) . Detern on of entity class rela-
tionships
4, Grouping of entity classes
5, Description of conceptual database
specifications
6, Walkthrough of conceptual data-
hase specifications
Phase 2 Activity £ | 1. Review of conceptual database
{Basic {Internal specifications
system databuse 2, Establishment of internal database
design) design) 3 Descripti :
. Description of internal database re-
lationships
4, Design of internal database struc-
ture
5. Description of internal database
specifications
6, Walkthrough of internal database
specifications
Phase 3 Activity e | 1, Review of internal database speci-
(Del;ailed {Databuase fications
sub-system:| design 2. Design of logical structure for
design) for DBMS) DBl\ﬁS &
3, Design of record layouts
4, Design of housing structure for
DBMS
5. Walkthrough of database structure
for DBMS
6. Study of physical structure for
DBMS
! 7. Study of database shift
8. Description of database specifica-
tions
4. Walkthrough of database specifica-
tiong
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Fig. 2 An example of COBOL compile list (Japanese data names)

including rules for naming data items, were estab-
lished. A method by which terms are standardized
and data items named by combinations of these
terms was especially effective, These terms are
called “phrases” and are also used in the retrieval of
data items.

In our database design, control of data items means
control of attributes rather than of domains (defini-
tion area). Five-digit codes are used as keys for
identifying data items. The code is composed of an
entity type number and a serial number within the
entity type.

The integrated use of this number from documents
to programs was effective in the unequivocal iden-
tification of data. As shown in Fig. 2, interpretability
was improved by automatically adding data item
names (in ideogram form) to a program list.

A procedure for establishing data communication,
corresponding to the system design procedure, ‘was
also established.

3.1.2 Establishment of data management system®¥

A data management system was established during

standardization, as shown in Fig. 3; data management
responsibilities are listed in Table 3. A data manager is
responsible for and coordinates each project. In addi-
tion, a data management office was established for each
place of work, with integrated control at each location
aimed at. However, phrases and data item names related
to order receiving are controlled in integrated fashion
on a company-wide basis.

3.2 Improvement of Development Support Tools

Development

and maintenance support system

groups, including SORID, cover a wide range of func-
tions while maintaining mutual linkage, and form a

Ne.
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' Outside

locati
on | ™
Data
management Sub-group
?fflce | (severa] sys- )
severa tem analysts
PErsons) Data
manager| [Sub-group
(severalsys- )
tem analysts
Data dictionary L
__ iy

Location of activity

Fig. 3 Data management system

Tabie 3 Data management responsibilities and func-

tions
Level of Functions
responsibility
Data 1, Intra-company normalization of data
{r}n%rézgement 2. Normalization of data among projects
3, Definition of new terms to be registered
4, Study of data management system
5, Standardization of data management ac-

tivities
6, Dissemination of data management infor-
mation

Data manager

1, Overview of data administration by project
2, Entry of new data items in data dictionary
3, Determination of new terms to be registered
4

. User contact

System analyst

1, Determination of data names
2_ Determination of data descriptions
3, Actual use of data dictionary system
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comprehensive integrated development and mainte-
nance support system. The operating system for these
system groups is the Fujitsu, Ltd. MSP (Multidimen-
sional Systern Product).

An outline of the systems is given below in the order
of support phase.

3.2.1 SORID data dictionary system!->*5

The relationship between the functions of SORID
and system development work is illustrated in Fig. 4. In
the basic system design phase, data item attributes are
registered in the data dictionary after data items have
been established and the data descriptions entered. The

PBereen
fllustratio

Decided in the’
first stage of
system

planning

design of input/output information and records is sup-
ported by the data dictionary, and results are also stored.
Data dictionary functions include document output,
cross-referencing, and quick search for data items in
respense to commands involving combinations of
phrases.

3.2.2 VIDEO screen design support system®®

An outline of the VIDEQ system is shown in Fig.
5. With this system, application system screen designs
can be created on the terminal screen using actual
screen images. Screen definitions and screen designs are
automatically generated when screen definition informa-

Screen illustration list

Definition
of data

Defined in line

repetition with predetermined

rules

=y A
<::‘;> -Data dictionary

Input only when

Fig. 5 Sketch of
VIDEO system
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tion concerning the screen being designed is entered.
Data item attributes are available in the data dictionary;
design results are also stored in the data dictionary.
With VIDEOQ, it was possible to reduce screen design
man-hours by more than 80%, and for end users to
design their own screens.

3.2.3 STMS (standard table management system)

In this system, standard tables for specification
retrieval used in the process for determining manufac-
turing specifications, etc. are separated from programs
and are controlled centrally. When standards and specifi-
cations are revised, data must be immediately corrected,
so that line operators also responsible for data mainte-
nance carry out corrections at terminals without the
help of system experts. When corrected results are
approved, input data are converted to an efficient table
form and are then updated during the operation of the
system. Furthermore, a subroutine, used when a pro-
gram retrieves a table, is also provided.

Although this system was previously in use, it was
substantially improved on this occasion, mainly in the
data correction and data update methods.

3.2.4 KAOSS on-line support system®

The KAOSS system works with AIM (Advanced
Information Manager)/ACS (Application Control Sys-
tem), a Fujitsu Ltd. data base and data communication
package, which it supplements.

The functions of this system include communication
between application programs, including between differ-
ent types of computers, distribution of on-line docu-
ments, and automatic start and stop of on-line systems.
It also compiles various tvpes of log information, includ-
ing the contents of input and output messages.

3.2.5 PARTS program generator™>"

This system automatically generate COBOL sources
concerning main on-line program and input data check
modules. In on-line conversational processing, a series
of conversations constitutes a function. The flow of this
conversation is expressed in patterns, and main on-line
programs modules are automatically generated. The
check conditions for data validity are defined before-
hand for each data item and are stored, and selection
and decision table methods are used as means of defin-
ing check conditions. Input check modules are automat-
ically generated on the basis of such definitions and the
definitions of input and output information in the data
dictionary.

About 42% of on-line programs are generated auto-
matically.

3.2.6 CAESAR full-range program generator

CAESAR is an advanced program generator which
complements PARTS by covering all areas not covered
by PARTS. All COBOL source programs are automati-
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Table 4 CAESAR system structure

1. Reusable 1, COBOL.-type component definition
gggfpt?sént 2, 2-dimensional table-type compenent defini-

system tian

3. Decision-table-type component definition

b

. Data editing component definition

2, Program . Conversational program design
synthesis
system . Program generator

. Program document generator

s L) DO e

. Application document generator

cally generated by the segmentation and reuse of soft-

ware. This system was developed jointly by Kawasaki

Steel and Fujitsu, L.td.

The functional structure of CAESAR is shown in
Table 4. The features of the system are described in the
following.

(1) The definition of components is conducted at a
work station, Various means of definition are pro-
vided and, at the same time, a man-machine inter-
face of the multiple window input-guidance type is
realized. The data dictionary used for the definition
of components is lopaded down from the host com-
puter, and completed components are loaded up to
the host computer.

(2) Components are centrally controlled by the host
computer to ensure full-range availability. The host
computer synthesizes components and generates
programs,

(3) Components are assembled in a man-machine inter-
active system in which input is guided by the menu
selection method. With guidance from the com-
puter, the operator follow through a menu tree
from upper classes to lower selecting components in
each menu and deciding variables when requested.
On completing a tree of menus, COBOL programs
are automatically generated by batch processing.

(4) All programs are generated by assembling compo-
nents. Programs thus generated- are complete. In
other words, no manual correction of programs after
generation is required.

(5) By managing component versions, the sharing of
components for development and maintenance
among multiple projects is possible.

With the aid of general-purpose components prepared
in-house, about 80% of programs can be generated from
reusable components, The remaining 20% are functions
(components) peculiar to individual application pro-
grams.

Application of this system resulted in a reduction of
about 65% in program design and programming phase
man-hours, or a three-fold increase in productivity.
When the effect in other phases is taken into account,
an overall reduction in man-hours of slightly over 30%,
or a L5 times improvement in productivity, was
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achieved.

3.2.7 TRUST test support system™®

This system serves to support:
(1) Test data preparation
(2) Test execution
(3) Test result verification
The data dictionary is used in functions (1) and (3). The
use of this system has increased efficiency in the test
phase by about 26%,

3.2.8 DREAM general-purpose retrieval and renewal
system for ATM data base™®

In this system, access to data is in accordance with
the data base structure; the access path is called the
access patternn and is defined beforehand. It is possible
to retrieve and update any item by specifying the access
pattern, retrieval data item, and object conditions. It is
also possible to enter retrieval requirements in their
entirety beforehand. In this case, only the name of the
retrieval item and the value of the retrieval key need be
input. This system is effective in the test and mainte-
nance phases and allows direct use of data by end users.

Furthermore, a subroutine that enables an application
program to access the data base easily is provided.

3.2.9 STATE system dictionary system™>

In the STATE system, it is possible, on the basis of
data items, records, input and output information, etc.,
to grasp in real time the programs which process such
items, as well as the contents of the commands in the
programs. It can also be understood whether the data
item and record in question are updated ones by the
program or material for reference use only,

This system is effective in examining the causes of
abnormalities and the scope of the effects of corrections
in the test and maintenance phases. Significant effects
can be expected when not only tools but also data items
are clearly established.

3.2.10 IDEA general-purpose data analysis support

system> 3%

End users can directly analyze result data on qual-
ity and steelworks operation and can obtain necessary
information rapidly. Necessary data is selected from the
result data for each application system and stored and
updated, Analysis work is also supported by TSS screen
guidance.

FOCUS (sold by Assist Co., Ltd), EASYTRIEVE
(sold by Pansofic Co., Ltd.), and PLANNER (produced
by Fujitsu, Ltd.) are used as end-user languages. All
definitions required by these languages are automatically
generated from the data dictionary.
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A-C: Developed using conventional techniques

D-G : Developed using the technigues described
in this paper

Productivity ratio

L 1 1 1 1 1 L 1 t n [l Il i
76’77 78 79 '80 "8l °82 83 ‘84 85 'B6 8T
Year

Fig. 6 Productivity of major systems projects at
Mizushima Works

4 Effects
4.1 Improvement in Development Productivity

Development productivity trends at Mizushima
Works are shown in Fig. 6. Productivity approximately
doubled following this technical development. This
value, it should be noted, includes not only the effect of
the techniques described in this paper, but also the
results of efforts of persons in charge of development in
connection with refurbishment and of many other per-
sonnel development activities. The refurbishment plan,
initially considered difficult, was completed successfully
owing to this improvement in productivity.

4,2 Realization of IRM

At present, about 40 000 data items are registered in
the data dictionary, and data descriptions for each data
item have been prepared. It was thus possible to con-
struct a common data base in which this data is stored,
and develop a system of unprecedented scale. It may be
said, therefore, that IRM was realized in both name and
reality.

Unequivocality of data items ought to be verified by
human intelligence and a level of more than 90% may
be claimed. In IRM, however, no final completion is
possible. It is, therefore, necessary to persevere in
efforts to refine and improve the system.

Although IRM has long been a subject of study and
development, it has rarely been realized, and the success
of Kawasaki Steel’s efforts in this area is very significant
for the company’s future information systems develop-
ment.

4.3 Expanded Use of Accumulated Data by End
Users

At present, Mizushima Works has about 25 gigabytes
of data accumulated for analysis, and end users have
developed analysis programs totalling about 500 (00
steps. This volume of programs is equivalent to about 5

KAWASAKI STEEL TECHNICAL REPORT



million steps in COBOL, which means that the equiva-
lent of several large-scale systems has been developed by
end users.

Thus, the program development burden on the sys-
tems department has been substantially reduced, and an
improvement in the productivity of software develop-
ment by users realized, while, needless to say, rapid and
appropriate access to information has contributed to
work quality improvement in user departments.

5 Future Problems

The following problems connected with the improve-
ment of the productivity in systems development have
been targetted.

(1) Improvement of the Functions of the Integrated
Systems Development and Maintenance Support
System
A productivity management system provided with a
scale estimation model and a productivity model is
to be introduced or developed in order to improve
estimation accuracy in the planning stage. A project
management system is to be developed on the basis
of this productivity management system.

(2) Introduction of 4GL in Systems Department
In recent years, many fourth generation languages
(4GL) have been marketed for use by systems
departments in developing application systems in an
on-line data base environment. These languages are
to be examined. The optimum use of COBOL
source program generators and 4GLs will be a goal.

(3} Establishment of Development Techniques for Dis-
tributed Systems Involving Al and Work Stations
The company has established development tech-
niques using large business computers. The scope of
application of distributed systems involving Al
{artificial intelligence) and work stations seems likely
to expand in the future. Development techniques
are to be established in these fields through actual
application.

6 Conclusions

Techniques developed by Kawasaki Steel for improv-
ing the productivity of systems development have been
described. The results are as follows:

(1) In establishing systems development structures, the
PRIDE methodology for information system devel-
opment was introduced. PRIDE was improved in
line with the specific requirements of the company
and standardized. At the same time, a data manage-

No. 20 June 1989

ment system was established for integrated data
management at each place of business.

(2) The SORID data dictionary system using Japanese
ideograms was developed to realize the IRM infor-
mation resource management system.

(3) A comprehensive development and maintenance
support system covering all phases, including design,
manufacture, and maintenance, was developed.

(4) By applying these systems, it was possible to approx-
imatety double the productivity of systems develop-
ment, conduct improved information resource man-
agement, and make accumulated data available to
end users,

These techniques were developed using an approach
in which methodology, structures, and tools were incor-
porated in a unified process, and are based on IRM, an
approach of data-oriented design and the segmentation
and reuse of software.

Although integrated system development and main-
tenance support systems began appearing on the market
between 1983 and 1985, Kawasaki Steel had been active
in this area since 1981. Therefore, it may fairly be said
that the company’s activities in realizing IRM and build-
ing an integrated systems development and mainte-
nance support sysiem were pioneering ones.

As software engineering continues to develop in the
future, the authors believe their approach will have uni-
versal validity and intend to make further improvemernts
on the basis of the present techniques. It will be neces-
sary to realize the compatible use of and commercial
tools such as the T system.

The authors would like to extend their sincere thanks
to many people concerned, especially at Fujitsu, Ltd.
and IBM Japan, Ltd., for their support in the develop-
ment of these techniques for improving productivity.
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